Introduction
Until recently, the review of error rates within the prehospital setting in Victoria, Australia had been undertaken by the Consultative Committee on Road Traffic Fatalities (CCRTF). In the Victorian prehospital environment, the CCRTF used a retrospective analysis of ambulance and hospital data to determine if a death following a road accident potentially was preventable. [1] [2] [3] [4] [5] [6] [7] The CCRTF was set up in 1992 with support from the Victorian Road Trauma Committee, a committee of the Royal Australasian College of Surgeons, and the Victorian Institute of Forensic Medicine, due to increasing international awareness that there were preventable deaths following severe road trauma. At this time, there was a lack of quality information regarding preventable deaths and trauma care associated with road traffic fatalities in Australia.
The resulting reports from 1994 to 2003 identified errors or problems categorized by system, management, diagnostic, and treatment errors that were believed to be associated with the patient's death. Each category is defined in Table 1 . This analysis of road traffic fatalities focused on the documentation of the management of the patients and potentially missed errors that were not documented, or that occurred while the patient was in the care of the ambulance crew and hospital staff. The review process examined road trauma vic- . Mean errors were not defined in any of the CCRTF reports. Likewise, it is unknown how these mean error rates were calculated.
All data pertaining to prehospital errors associated with the management of road trauma victims who died after an ambulance arrived were included. Data for the emergency department, operating theatre, intensive care unit, high dependency unit/surgical ward, and inter-hospital transfer were excluded.The CCRTF had two multidisciplinary medical groups that reviewed a range of medical documents (prehospital through to autopsy reports) to assist them in determining the errors, including those contributing to death.
Descriptive statistics, including mean values and standard deviations (SD) were abstracted from the reports. Additional statistical processing was used to summarize and compare the data. Values (e.g., SD) not presented in the relevant report are missing from the tables. Additional statistics, comparisons of means, and proportions, were calculated using EpiCalc 2000 (Version 1.02, Brixton Books, 1998). The results were considered statistically significant if p <0.05.
Results
The six CCRTF reports contained varying amounts of prehospital error data associated with road traffic fatalities. The gender distribution throughout the reports was approximately 70% males and 30% females ( Table 2 ). The average of the ages of the victims was 41.8 years to 45.9 years, with the range of ages six months to 97 years. The number of fatalities with a scene time >20 minutes increased significantly from 10.2% in the 1994 report to 35.6% in Part B of the 2003 report (p <0.0001; Table 2 ). The range of fatalities with a transport time <30 minutes was 14% and 24%, with the range of transport time <60 minutes of 60% to 69%, respectively ( Table 2 ). The range of fatalities for the metropolitan area was 50% to 72%; for the rural area it was 28% to 50%, respectively (Table 3) . tims who died after an ambulance arrived. A previous study by McDermott et al specifically defined prehospital errors for 1997 and 1998. 8 The objective of this study was to identify, and when possible, interpret prehospital error rate trends associated with road traffic fatalities over a 10-year period of the CCRTF reports.
Methods
This study was a retrospective review of reported prehospital errors in six preventable death study reports published by the CCRTF in Victoria, Australia.
The Table 4) . The mean number of errors for rural incidents always was higher that for the metropolitan services (Table 3) . However, statistical calculations only were possible with the data from The mean error rate per category and the mean errors contributing to death increased from the first report to the last. The most significant increase in the mean errors per category was in the management and technique errors categories, while these two categories also included the most significant increase in the mean errors contributing to death (Table 4 ).
In the reports from 1994 to 1998, the system errors decreased. However, over the same timeframe, the management, technical, and diagnostic errors increased. There (23) 17 (14) 5 (16) 24 (18) 19 (17) NA NA 30-60 minutes n (%) 61 (45) 56 (47) 16 (5) 56 (42) 53 (48) NA NA 1-2 hours n (%) 19 (14) 32 (27) 8 (25) 35 (26) 24 (22) NA NA >2 hours n (%) 14 (10) 2 (2) 1 (3) 4 ( There was a decrease in mean total errors and mean errors contributing to death in the hospitals following the introduction of the state trauma system (Table 6 ). During the same timeframe, the inter-hospital transfer services also have had an increase in the mean total errors and mean errors contributing to death.
Discussion
This study is the first to review the main CCRTF reports and compile the prehospital data to determine the trend in prehospital error rates and postulate reasons for the variation in prehospital errors cited in the last CCRTF report. The findings from the CCRTF reports help to justify the establishment of a trauma system for Victoria. However, there are many inconsistencies and questions regarding the accuracy of the numbers in the reports.
The error rates give an indication of the number of errors (system inadequacy, treatment/management, technique, diagnosis) that are deemed attributable to the death of a road traffic victim. These errors can be classified as those that contributed to the death of a patient or an error There was no pattern to the changes in the Injury Severity Scores (ISS) or the Trauma Score-Injury Severity Scores (TRISS) survival during the 10-year period. The percentage of patients with major injuries (ISS >15) fluctuated within 10% over the 10-year period. The same applies to the TRISS survival (Table 5 ).There were only three groups for which the ISS scores were different. In the 2003 report, the number of patients with an ISS >40 were significantly lower in the 1994 During the periods of the reports, the errors were assessed according to early management of severe trauma (EMST) guidelines. However, paramedics in both ambuthat did not contribute to the patient's death. The error rates also allow for a comparison of before and after the introduction of the state trauma system.
It is difficult to make comparisons across the 10 years of the CCRTF reports, as there has been a change in prehospital staff demographics, the introduction and increasing number of MICA paramedics to the rural areas of the state, 10 These results suggest that paramedics generally recognize a "sick" patient and transport them to an appropriate level trauma center. Even though the CCRTF 2003 report did not present transport time results, the findings of Boyle et al would suggest that the transport and scene times are similar to those identified by the CCRTF reports. Even though there was a non-statistically significant decrease in the overall total mean errors per patient for the state trauma system, there was a statistically significant increase in the prehospital error rate for total errors and those errors contributing to death. The emergency department error rates demonstrated a statistically significant decrease. The remaining areas (operating theatre, intensive care unit/high dependency unit, inter-hospital transfer) had some fluctuations to their total errors and those contributing to death.
The severity of patients according to the ISS did not increase over the time of the reports. A study that investigated trauma incidents attended by both state ambulance services in 2002 identified that paramedic crews were, on average, likely to see 1.5 physiologically distressed trauma patients per year and 11 trauma patients with the most prevalent type of prehospital-defined, potential major trauma (blunt head injury). 9 This lack of exposure to "sick" trauma patients and ongoing trauma simulation education may account for some of the management, technique, and diagnostic errors. The use of simulation to bridge this knowledge and experience gap has been recommended in many studies with the benefits to patient safety highlighted by Gaba. 11 Wright et al also suggested assessing situational awareness in simulations in order to identify the participants' responses to the ever-changing physical environment, like that at an accident scene. 12 The issue of low trauma workloads, especially in rural areas, may account for the higher mean error rates. Extracting additional data from the study by Boyle et al, a rural paramedic crew was likely to see approximately half the number of the physiologically distressed patients and patients with blunt head injuries compared to their metropolitan counterparts. 10 These data supports the case for ongoing trauma education, especially the use of simulation, to support the lack of trauma exposure.
With the increased scene time (>20 minutes), there were no comments regarding whether the crew was waiting for road accident rescue or a second ambulance, causing the prolonged scene time. Road accident rescue is provided by one of the emergency services (fire or state emergency service, depending where the accident occurred); they provide patient extrication. Justified increases in scene time for rural trauma crashes have been identified in a pilot study by Boyle and O'Meara. The main reasons for scene-time delays were waiting for road accident crews to arrive, and then extricating the patient. 13 The increased scene time also may be attributed to an increase in the additional procedures that were attempted at the scene following the lance services in Victoria did not operate under the EMST guidelines, but used ambulance-specific guidelines developed several years prior to the EMST being implemented by the medical profession in Australia. The use of the EMST guidelines for the prehospital assessment of errors may provide potentially inaccurate information and may give an incorrect representation, as the management of trauma in the prehospital setting does not follow these guidelines.
The gender distribution in the CCRTF reports was significantly higher than the gender distribution identified in the Victorian trauma study (70% to 62% males, respectively). 9 The mean age also was significantly higher in the CCRTF reports compared to the Victorian trauma study (41.8-45.9 years to 33.6 years, respectively); the age range was similar in both (6 months-97 years to 3 months-99 years, respectively). 9 There was some variation in the CCRTF reports for metropolitan and rural distribution of fatalities. This appeared to be dependent on the number of deaths assessed in each CCRTF report; metropolitan 50%-72% compared to 72% in the Victoria trauma study, and rural 28%-50% compared to 28% in the Victorian trauma study. 10 The Victorian trauma system and the introduction of ALS to all paramedics began in 2000. The review of prehospital errors in the 2003 report may have been too soon after the introduction of the state trauma system, as healthcare providers still were learning how the system worked. The introduction of ALS across the state continued until 2003, so the prehospital results may not be a true reflection of the actual error rate.
There has been an increase in the mean prehospital error rate over the 10-year period. There also has been an increase in the errors that contributed to death over the same time. The increase in error rates from July 2001 to June 2003 more likely is due to the introduction of ALS across the state in 2000 and not due to the increase in MICA paramedic numbers as suggested in the 2003 report. 7 The increase in ALS paramedic numbers far outweighs the increase in MICA paramedic numbers for the corresponding time. The lack of on-road supervision for ALS Ambulance Paramedics compared to that afforded to MICA Paramedics most likely would be the cause of an increase in prehospital errors rates, especially given the new skill set, lack of trauma work, concentration on using new skills, which led to an increased scene time. The state trauma system was being implemented at the same time ALS was being introduced. It would appear that the state trauma system had a positive impact on decreasing the error rate in the hospital environment. However, it would appear that the effect of errors resulting from the introduction of ALS far outweigh the effects of the state trauma system implementation for the prehospital environment, due to the introduction of new knowledge and a new set of skills (e.g., intravenous cannulation and fluid replacement, advanced airway management (LMA), additional drugs (morphine, sulphate, etc.)).
In a study by Boyle et al that investigated patients who suddenly deteriorated in the presence of paramedics, the mean value for the scene times for non-trapped patients was 17.9 minutes, median of 15 minutes, with 26.8% of Prehospital Errors suspect fractured ribs, especially in an unconscious patient, but additional in-hospital procedures are required to confirm the suspicion.
Several of the error categories had sub-categories. System Inadequacy had "delivery" and "resuscitation", while Management Error had "delivery", "resuscitation", and "treatment/management". Given the definitions for each category used by the CCRTF, it is difficult to understand how criteria such as "failed IV", would fit into the System Inadequacy category as well as the Technical Error category. Two articles published in the scientific literature along with the original 1994 report cover the CCRTF methodology and do not mention the sub-categories or how the criterion for each was determined. 1, 19, 20 The critical review of preventable death studies has been highlighted previously. The makeup of the review panels has been varied and open to criticism in the past because of this variability. [21] [22] [23] [24] [25] [26] [27] The makeup of the consensus panel used by the CCRTF for the prehospital setting predominately was doctors and one MICA paramedic. The MICA paramedics on each of the two panels were both metropolitan-based; therefore, an understanding rural issues and experience to judge on rural issues was lacking. Notwithstanding, the detractors' views, the CCRTF panels, and the assessment process remained unchanged for the duration of the reviews, thereby potentially reducing the possibility of gross bias over time.
As demonstrated by hospital-based reviews of a patient's medical records for errors in medical management, the review of medical documentation is fraught with inaccuracies. [28] [29] [30] [31] [32] Even though these studies found errors that contributed to a patient's increased length of stay, or worse, death, they, like the preventable death studies, fail to detect non-documented actual or potential errors that may occur during the patient's stay in hospital. Even though the preventable death study reports by the CCRTF highlighted errors that may have contributed to a patient's death, these errors are just the tip of the iceberg-errors not documented may have had just as much influence in the patient's misfortune. There must be a more efficient, accurate, and timely method for the identification and evaluation of prehospital errors than the use of retrospective, panel review, preventable death studies. To ensure high levels of patient safety, prehospital errors or potential errors should be identified early and acted upon to ensure that they do not reoccur.
Further studies must incorporate all trauma patients to determine an actual error rate (including near misses) attributed to patient management. These further studies also must define more rigorous criteria for determining system, management, technique, and diagnostic errors.
Limitations
This study is limited by its retrospective nature in reviewing published preventable death data. The review of road traffic fatalities after an ambulance arrived is narrow and not a true representation of the total prehospital trauma error rate, as errors resulting from other trauma-related incidents are not included. The preventable death studies also have their detractors, and the methodological issues associated with this type of study may have affected the introduction of ALS. This issue of increased scene time due to ALS procedures has been identified in several studies. [14] [15] [16] There is a lack of supporting evidence for this error criterion in the CCRTF reports.
A mature EMS system that has minimal changes to its clinical practice guidelines should have fewer total errors and errors contributing to death than an EMS system that is undergoing constant change or introducing a range of new procedures and drugs. Errors are expected to occur after the introduction of new knowledge or skill sets, and given a low trauma workload, additional errors would be expected (e.g., increased scene time). The paramedic is concentrating on starting an IV and administering fluid and/or pain relief medication, and not being time-conscious. In a potentially "sick" patient, management such as starting an IV and fluid replacement can be done en route to the hospital. The ambulance service must provide ongoing education to ensure that paramedics fully understand the new procedure or drug, and when possible, perform simulation sessions in an attempt to decrease the possibility of errors. Windsor and Pong have highlighted this issue with the introduction of new surgical procedures. 17 There were many inaccuracies and inconsistencies in the reports. An inconsistency especially noticed in the mean error rates was an absence of standard deviation calculations in some of the reports. The mean number of errors per patient for the total trauma system listed in the 1998 report is vastly different from the mean values reported in the 2003 report. 5, 7 The prehospital calculations are inconsistent; some calculations include patients not transported by ambulance to a hospital, whereas others did include these victims. For example, in 1994, the ISS outcomes (Table 5) have a total of 137, whereas the table reporting "patients problems" (Table 4 ) has a total of 134. The total number of patients transported by ambulance was 134 with three patients transported to the emergency department by other means. 1 The addition of patients who presented directly to the emergency department is outside of the inclusion criteria for the CCRTF report; "errors associated with the management of patients that died as a result of road trauma after an ambulance arrived", making the reporting of the results potentially inaccurate. Inappropriate errors were allocated to the prehospital category, e.g., "no blood (retrieval team)" when there has been a criterion for interhospital transfers. 6 One must wonder why some errors only have been listed in the recent reports (2003), e.g., "inadequate management of hypothermia", which should have been an issue over the 10 years of the reports. 7 The classification within the categories is puzzling. For example, in the System Inadequacy Category, there was "failed IV access", which also was included the Technical Category. [1] [2] [3] 6, 7, 18 There were no supporting comments as to the reason for this, given the criteria for each category that was defined by the CCRTF; it is difficult to understand why "failed IV access" was included in two different categories. "Fractured ribs" as a criterion in the Diagnosis Error category is not informative. Does "fractured ribs" mean a couple of ribs not obviously fractured, or was it multiple, obviously fractured ribs? Fractured ribs can be difficult to identify in the prehospital setting. A paramedic can
Conclusions
There has been an increase in prehospital error rates over the duration of the preventable death study reports by the CCRTF. During the same time, there was a decrease in the error rates for the state trauma system. The number of preventable deaths decreased from 1992 to 1998, however, there was an increase in 2001 that coincided with the introduction of ALS in Victoria, which commenced in 2000 and was completed in 2003. The increase in preventable deaths may have been due to the new knowledge and skill set for the paramedics which took their mind off of the recognition of the "sick" trauma patient while they were concentrating more on the management of the trauma patient, using their newly acquired skills.
findings presented in each of the CCRTF reports. The introduction of ALS for paramedics occurred at the same time that the state trauma system was being implemented-this may have artificially elevated the error rates as paramedics were coming to grips with new procedures and drugs. There were varying inconsistencies in the data reporting in the CCRTF reports, which may have made highlighting variations between each report and other scientific literature potentially misleading. There is a possibility that the data may have been misinterpreted during the data abstraction process due to the complex way in which they were reported.
